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Figure 1: Raster nautical chart of the area surrounding Fort Carroll

Figure 2: Coastline surrounding Fort Carroll 





Figure 3: AIS data signals from July of 2009 processed in ArcGIS 

Table 1: Sample of four AIS transmissions from July of 2009 



Figure 4: All non-stationary AIS signals in Baltimore area 



Figure 5: All vessel tracks in Baltimore Area 



Figure 6: Histogram of average headings of tracks near Fort Carroll 

Figure 7: Vessel tracks near Fort Carroll differentiated by average heading 



Figure 8: Signal density of vessel tracks at different speeds 



Figure 9: Signal density of interpolated tracks 



Figure 10: Track segment selection 

Figure 11: Target rays extending from Fort Carroll 





Figure 12: Distribution of distances between target and tracks in sector 7 

Figure 13: Distributions of target-track distances for 17 sectors 



Figure 14: Selected track segments around Fort Carroll 



Figure 15: Selected track segments and observed vessel tracks 



Figure 16: Problem areas with target rays approach 



Figure 17: Bivariate histogram view 1 

Figure 18: Bivariate histogram view 2 





Figure 19: Initial polynomial surface fit 

Figure 20: Improved surface fit view 1 



Figure 21: Improved surface fit view 2 



Figure 22: Improved surface fit view 3 





Figure 23: Mean path fit 



Figure 24: Railroad track traffic pattern



Figure 25: Distribution of vessel speeds 



Figure 26: Vessel reference frame 









Figure 27: USV problem 







Figure 28: Fort Carroll mission 

Figure 29: Fort Carroll mission with observed vessel tracks 



Figure 30: Fort Carroll ISR mission paths 



Figure 31: MATLAB Simulink model of USV 

Figure 32: Comparison plot of angular acceleration and angular velocity values 



Figure 33: Feasibility test 



Figure 34: Bellman’s Principle 



Figure 35: Bellman's Principle validation
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Figure 36: Hamiltonian Minimization Condition validation 



Figure 37: Adjoint Equation validation 



Figure 38: Transversality Condition validation 



Figure 39: Hamiltonian Value Condition and Hamiltonian Evolution Equation validation 



Figure 40: Evaluation of average distance from track to target 



Figure 41: Observed track average distances 





Figure 42: Spread of tracks along a line (dashed blue) perpendicular to the mean path (solid black) 



Figure 43: Distribution of 



Figure 44: PDF of observed traffic 



Figure 45: Fort Carroll mission tracks 

Figure 46: Fort Carroll mission tracks inset 



Figure 47: Distribution of  at test point for simulated ISR traffic 



Figure 48: PDFs of observed and ISR traffic 



Table 2: Adversary security states at test point #10 



Figure 49: Hypothesis testing at test point #10 



Figure 50: Distribution of  for observed traffic 



Figure 51: Distribution of  for ISR traffic 

Table 3: Adversary security states for 



Figure 52: Hypothesis testing of 
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Figure 53: Three USV solution paths 



Figure 54: USV solution paths and all observed traffic 



Figure 55: Nautical chart of Cape May 

Figure 56: Cape May shoreline 



Figure 57: Observed vessel tracks near Cape May 



Figure 58: Selected Cape May tracks 

Table 5: Summary of Cape May mission path set evaluation 



Figure 59: Three USV solution paths 

Figure 60: USV solution paths and all observed traffic 



Figure 61: Nautical chart of Point No Point



Figure 62: Point No Point coastline 

Figure 63: Point No Point observed traffic 



Figure 64: Point No Point filtered tracks 



Figure 65: Switched coordinates and mean path 

Table 6: Summary of Point No Point mission path set evaluation 



Figure 66: Three USV solution paths 

Figure 67: USV solution paths and all observed traffic 
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